p53 Deficiency in liver reduces local control of survival and proliferation, but does not affect apoptosis after DNA damage.
Despite good evidence for p53 dysfunction in human hepatocellular carcinomas, little is known of the significance of p53 to normal hepatocytes and whether p53 dysfunction is relevant to early hepatocarcinogenesis. We have therefore examined the consequences of targeted p53 deficiency in hepatocytes for regulation of apoptosis, proliferation, and ploidy. p53 deficiency was silent in normal liver and did not affect progression from diploidy to polyploidy in the aging liver. However, in primary culture the absence of p53 resulted in increased hepatocyte proliferation indices and decreased sensitivity to proliferation inhibition by TGFbeta. Moreover, p53-deficient cells continued to survive and proliferate under conditions of minimal trophic support that led to growth arrest and apoptosis of wild-type cells. In vivo, p53-deficient mice had enhanced proliferative responses to both xenobiotic hepatomitogen and CCl4-induced liver necrosis, although lack of persistent proliferation showed that other control mechanisms are important. There was no simple relationship between p53 and apoptosis after DNA damage because UV irradiation led to p53-independent apoptosis, even though p53 was stabilized. However, p53 did couple DNA damage to growth arrest, and abnormal mitoses after gamma-irradiation of regenerating p53 null livers demonstrated circumstances where loss of G1 and G2 checkpoints may generate abnormal ploidy. Thus p53 becomes important when hepatocytes are released from G0 and stressed, sensitizing them to mitogen and cytokine regulators of cell cycle progression and apoptosis. Hence p53 deficiency is likely to be significant in an environment of persistent regenerative stimuli and unfavorable trophic support or in the presence of other enabling genetic lesions. This model is relevant to human hepatocarcinogenesis, which almost always occurs against a background of chronic hepatocellular destruction in hepatitis and cirrhosis. In that context, by reducing the need for cytokine support and disabling DNA damage-induced growth arrest, p53 deficiency should facilitate the expansion of preneoplastic clones in chronic liver disease.